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I . S U M M A R Y> 
Examination of the whole plant of Tylophora c r e b r i -
f l o r a , an Austral ian Tyiophora spec ies of the 
Asclepiadaceae f a m i l y , showed the presence o f two a l k a -
l o i d s » Traces of a th i rd "base were a l so detected hut 
the "base i t s e l f could not be i s o l a t e d and i t s presence 
was estab3j.shed only by paper chromatograms i n the 
i n i t i a l crude e x t r a c t s . A smal l - s ca le laboratory 
e x t r a c t i o n ind icated an a l k a l o i d a l content of 0.33?i dry 
weight , but l a r g e - s c a l e ex t rac t i ons from l a t e r c o l l e c t -
i o n s did not exceed a t o t a l y i e l d of 0#159i. 
The two a l k a l o i d s were separated by p a r t i t i o n chroma-
tography i n n-propanol - 2N a c e t i c ac id ( 1 5 : 8 5 ) . 
The minor a lka lo id (R^ 0 . 2 ) was shown t o be i d e n t i c a l 
wi th the emetic a lka lo id ty lophor ine which occum i n the 
r e la ted Indian spec ies ly lophora asthmatica. This was 
es tab l i shed by analys i s o f the base and by d i r e c t compar-
i s o n of i t s methiodide, i t s i n f r a - r e d and u l t r a - v i o l e t 
absorpt ion spectra and i t s Z-ray powder diagram with 
those of an authentic specimen of the base . 
The major a l k a l o i d , f o r which the name t y l o c r e b r i n e 
i s proposed, i s a new one, and has the empir ica l formula 
o f C^^H^yNO^, as shown by the analyses of the base and 
3 0009 02987 9348 
its salts. Tylocrebrine is laevorotatory and isomeric 
with tylophorine. On the "basis of chemical and spectro-
scopic evidence taken in conjunction with the biogenetic 
relationship of tylocî ebrine to tylophorine, the 
structure 3:4:6:T-tetrasiethoxy-phenanthro (9:10:617' )-
indolizidine (XIV) has been assigned to tylocĵ ebrine• 
XIV 
II. INTRODUCTIOH, 
The Alkaloids of the Asclepiadaceae Family, 
Extracts prepared from various plants belonging to 
the family Asclepiadaceae have for a long time been known 
to possess pharmacological activity (Wehmer, 1931; 
Hurst, 1942), Subsequent chemical investigations of a 
number of plant sources have shown that the physiological 
activity of the Asclepiadaceae plants is mainly due to 
such active principles as cardiac glycosides and saponins 
(Webb, 1 9 4 8 ; Thorpe and Wat son, 1953) and only in a compara-
tively few genera is this activity caused by the presence 
of alkaloids« 
Although the presence of alkaloids in plants of the 
Asclepiadaceae family has been reported as early as 1891 
(Arata and G-elzer; Hooper), only very few alkaloids have 
since been isolated from this family» All of these 
alkaloids are pharmacologically active, and galenic 
preparations from plajits in which they occur are known. 
Thus, the roots of lylophora asthmatica have long been 
used in India and Mauritius as a substitute for the emetic 
alkaloid ipecacuanha. In sufficiently large doses the 
drug acts as an emetic, in smaller doses as an expectorant 
and laxative, and was introduced in the Bengali Phaima-
copoeia in 1844® The drug has also been reported 
(Chopra et aa., 1937) to be effective against dysentery 
and catarrh. Its alkaloidal constituents, tylophorine 
and tylophorinine, are vesicant and can cause a trouble-
some dermatitis (Ratnagiriswaran and Venkatachalam,1935). 
Tylophorinine appears to be less toxic than tylophorine 
(Chopra et aa., 1937)# 
The extracts from plants of some Cryptolepis species 
have been Used in Southern Africa as stomachica (Dalziel, 
1937)• The alkaloid cryptolepine,isolated from 
C. triangulails and C. sanguinolenta, is reported 
(Raymond-Hamet, 1937; 1938) to cause decrease in body temp-
erature and to have marked vasodilator properties• 
Investigation of the alkaloids present in plants of 
the Asclepiadaceae family is even more interesting from 
the chemical point of view, since each of the three 
alkaloid containing genera which have been investigated 
chemically produces alkaloids with three different basic 
ring systems in their structure. Two of these stimctures 
are unique inasmuch as they were not previously found 
in nature and one of them was not even known among the 
synthetic products. 
The genus Asclepias contains >/-nicotine whose struc-
ture (I) includes two tertiary nitrogen atoms, one 
heterocyclic, the other alicyclic. 
V N 
CH3 
The alkaloid has heen reported (Marion, 1939; 1945) 
to occur in extremely small amo\mts (0#001?í) in the roots 
of Asclepias syriaca, confirming the widespread occurrence 
of traces of nicotine in different plant families (Henry, 
1949; Manske and Holmes, 1950)• 
The genus Cryptolepis yields the alkaloid cryptolepine, 
in which both nitrogen atoms are part of the chromophoric 
system and their nature varies according to reaction 
conditions. This alkaloid was first isolated from the 
roots of Giyptolepis triangularis by Clinquart (1929), and 
Delvaoix (1931) assigned to it the molecular foimula 
• crystalline alkaloid is dark violet, whilst 
its salts are yellow. Depending on the polarity of the 
solvent the colour of a solution of the base varies from 
violet to red. 
Ciyptolepine was later isolated from C. sanguino-
lenta by Oellert, Eaymond-Hamet and Schlittler (1951), 
who assigned the correct empirical formula ^^ 
it. Ciyptolepine is represented as an equilibrium 
system between the two anhydronium foims (II) and (III)» 
In alkaline environment these are more probable structures 
than the pseudo-base (IV), 
II III 
IV 
The S -carboline structure of cryptolepine is unique 
in alkaloid chemistry and ciyptolepine is at present the 
only alkaloid known to be a derivative of ^ -carboline. 
Although folicanthine was also considered (Eiter and 
Svierak, 1952) to be derived from cT -carboline, the 
structure (V) (proposed by Eiter and Svierak) was later 
shown to be incorrect "by Hodson, Smith and Wrobel (1958). 
They siiggested that the structure of folicsuithine was 
analogous to that of calycanthine and involved a ^ - p 
link between the two tryptamine units« The structure of 
folicanthine has been elucidated recently (Saxton, Bardsley, 
and Smith, 1962; Grant et al., 1962) as (VI), a ^ - (S * 
oxidative coupling of two molecules of N-methyl tiyptamine 
units» This would appear to establish that folicanthine 
is not a derivative of S -carboline* 
ÇH3 CH3 
•3 3 -"3 
V VI 
In the genus Tylophora the occurrence of alkaloids 
was first established by Hooper (I89I), who succeeded in 
isolating a crystalline alkaloid from the roots of 
T.asthmatica and described some of its characteristic 
colour reactions. The quantity of material he isolated 
was, however, too small for a complete analysis. 
An alkaloid very closely resembling the one isolated 
by Hooper was shown by Brill and Wells (1917) to be 
present in the leaves of T. brevipes« a species allied 
to T. asthmatica and indigenous to the Philippines» The 
small amount of alkaloid isolated during this investigation 
was again insufficient to characterize it properly, and no 
molecular fomula was suggested. There are no references 
in the literature to further chemical investigations of 
this plant. 
Maiden (1895) was the first to draw attention to the 
possibility that the Australian g^rlophora species could 
contain the emetic alkaloid isolated by Hooper. However, 
it was only with the beginning of a systematic survey of 
the phamacological properties of Australian native plants 
(initiated by C. S. I. R. ) that a number of Australian 
Tylophoras were examined for their content of alkaloids 
and other active principles. As a result of this survey 
(Webb, 1949; 1952; 1953) the following species have been 
reported to contain alkaloids: 
Tylophora paniculata 
Tyiophora erecta 
Tylophora floribunda (crebriflora). 
fiatnagiriswaran and Venkatachalam (1935) isolated 
from the Indian TSrlophora asthmatica two alkaloids for 
which the names tylophorine and tylophorinine were 
proposed» Their method of isolation was based on the 
differences in solubilities of the bases in ether and 
those of the nitrates in hot alcohol. Oyiophorine, 
the major alkaloid, was obtained from benzene in the 
foim of colourless needles and assigned the empirical 
formula Tylophorinine was obtained as 
prismatic needles from ether and analysed as 
Chopra et a^,, (1937) showed tylophorine to be laevo-
rotatory and described some of its colour reactions and 
phaimacology, but made no attempt to elucidate the 
structure of the alkaloid. 
Although the presence of an alkaloid in Daemia extensa 
was reported by Dymock, Warden and Hooper (I891), later 
chemical investigations of this plant did not confirm 
this observation (Grupta, Roy and Dutta, 1946; Dutta and 
Ghosh, 1947)• Unidentified alkaloids have been stated 
by early investigators (cf. Wehmer, 1931; Hurst, 1942) 
to occur also in the following species: 
Chloristigma gtuckertianum (?) (alkaloid chloristigmin) 
Dregea volubilis Benth. 
G^nianthus Blumei Boerl. 
Marsdenia rostrata R.Br. 
Mars déni a tlnctorla R, Br, 
Morrenia brachystephana Griseb» (alkaloid morrenin) 
Tylophora fasciculata Ham. (alkaloid tylophorin) 
gylophora lute s cens De en» 
The altoaloidal content of these plants has not "been esti-
mated and in some instances there is only an indication 
of an alkaloidal constituent. No later confiimations 
of these findings have appeared. Thus the pJaytochemical 
evidence available at present shows that the alkaloid 
producing plants in the family Asclepiadaceae aa*e limited 
to the genera Cryptolepis and aiyiophora. The trace 
amounts of nicotine found in Asclepias make this plant 
practically insignificant as a potential source of alkaloids 
B. The Structure of Tylophorine and Tylophorinine 
The findings of Ratnagiriswaran and Venkatachalam 
were substantiated when G-ovindachari, Pai and Hagarajan, 
(1954), by chromatographic methods, isolated both 
tylophorine and tylophorinine from T. asthmatica and con-
fiimed the correctness of the proposed empirical formulae. 
The nitrogen atom in tylophorine was found to be tertiary 
and common to two rings» 
The structure of tylophorine was elucidated by 
Govindachari and his co-woikers (1958) on the basis of 
extensive degradation studies and biogenetic considera-
tions. Tylophorine isomethochloride on Emde 
degradation yielded isodihydrohomotylophorine, and the 
latter on dehydrogenation with palladised charcoal gave 
detetrahydro isodihydrohomotylophorine (VII), which was 
shown to contain a pyrrole ring, thus establishing the 
presence of a five-membered nitrogen-containing ring in 
tylophorine • 
OCH OCH 
OCK OCH. 
VII 
3 
VIII 
The ultra-violet absorption spectra of tylophorine, 
its methine, and de-N-methy 1-tylophorinemethine, were 
found to be similar to that of phenanthrene• The Hoftaann 
degradation product of isodihydrohomotylophorine was 
oxidized and the acid fraction esterified with diazo-
methane to give a mixture of the methyl esters. The mono-
ester (VIII), on hydrolysis and subseqû ^̂ 't decarboxy-
lation, yielded a phenanthrene derivative which was 
identified as 2:3:6:7 tetramethoxy-9-methyl phenanthrene 
"by direct comparison (mixed m.p,, U-V and I-R spectra) 
with a synthetic specimen. These experiments, besides 
providing positive evidence for the presence of a 
phenanthrene ring and on the orientation of the methoxy 
groups, also established one point of attachment of the 
heterobicyclic system to the phenanthrene ring. Con-
clusive proof for the fusion of the he te robi cyclic 
(indolizidine) ring at 9slO position of the phenanthrene 
ring was provided by Govindachari et al. (1959) by 
identifying the oxidation product of tylophorine ¿so-
me tho hydroxide as 2:3:6:7 tetramethoxy phenanthrene 9:10 
dicarboxylimide. The structure (IX) established for 
tylophorine, foimulated as 2:3:6:7 tetramethoxyphenanthro 
t t 
(9:10:6:7w-indolizidine, was then confirraed by synthesis 
of the racemic base (G-ovindachari, Lakshmikantham and 
Rajadurai, I960). 
OCH OCH, 
OH 
OCK 
IX X 
fyiophorinine, the minor alkaloid of T. asthmatica 
to wMcli the provisional foimila Cg^H^^O^ was assigned 
(loc^ Git») has been farther investigated ohemically 
(Grovindachari et a^.^ 1959) and the molecular formula 
coireeted to A* ^^^^ oxidation of tylpphorinine 
methiodide yielded an imide, O^gH^^NO^, and an acid» The 
latter, after methylation with diazomethane, yielded a 
diester identical with dimethyl 2:3:6-trimethoxy 
phenanthrene 9:10 dicarhosylate obtained similarly from 
the methiodide of cryptopleurine, whose structure as 
2:3:6'-trimethoxy phenanthro(9:10:2:3)q:uliiolizidine was 
deduced from the analysis of X-ray diffraction data by 
Pridrichsons and Mathieson (1954,1955) and confimed by 
synthesis by Brads her and Berger (1958) and Marchini and 
Belleau (1958). In view of these results the part 
structure (X), in which the structure of the nitrogen-
containing fragment has yet to be determined, has been 
suggested for tylophorinine. 
The infra-red absorption spectra of tylophorinine and 
tylophorine are similar, and, since both aUcaloids occur 
in the same plant thus suggesting a common biosynthetic 
route, it is very likely that the structure of tylophor-
inine is very closely related to that of tylophorine, 
which was then the only known naturally occurring phenan-
throindolizidine derivative• 
0. The RelationsMp of Tylophorine to Ciyptopleurine, 
Prom a cheiiiical point of view it is of some interest 
to note the close structural and chemical relationship 
of tylophorine to the vesicant bark alkaloid crypto-
pleurine* Cryptopleurine was first isolated (De La 
Lande, 1948; Webh, 1948) from Cryptocarya pleurospenria, 
a member of the family Lauiraceae, After the initial 
chemical investigation (Gellert and Riggs, 1954) its 
structure (XI) was elucidated by Pridrichsons and 
Mathieson, 1954, 1955). 
OCH 
XI 
The close structural relationship of the phenanthro-
quinolizidine ring system in ciyptopleurine to the 
structure of tylophorine could account for the similar 
behaviour of these two alkaloids in a number of reactions. 
WOLLONQONC^ ; 
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Tylophorine and its salts turn yellow on exposure to 
light (Eatnagiriswaran and Venkataohalam, 1935). 
Similarly, cryptopleuilne and its salts are sensitive 
to light, becoming yellow (Gellert and Riggs, 1954), 
the sensitivity being attributed to oxidation to the 
tetradehydro derivative (Gellert, 1956). Direct oxid-
ation of tylophorine encounters almost the same diffi-
culties as was found in the case of cryptopleurine. 
Both tylophorine and cryptopleurine readily form methio-
dides which racemize when warned with alkali to the 
optically inactive isotylophorine methiodide and iso-
cryptopleurine methiodide respectively, the isomerization 
apparently involving the quatemaiy ammoni"um ion (G-ellert 
and Riggs, 1954)» 
The ultra-violet absorption spectra of both alkaloids 
are veiy similar and are characteristic of substituted 
phenanthrene derivative s. SCylophorine, like crypt opleur-
ine, has a marked vesicant action. 
Ill THEORETICAL SEGTIQF 
A . Extraction and Isolation of the Alkaloids, 
Tylophora crebriflora S. T. Blake is a change of 
name for Tylophora floribimda Bent, made necessary 
because the latter name had been previously used for a 
different Japanese species. The species occurs in 
Northern Queensland and seems to be most common on the 
Atherton Tableland (S». T. Blake, private communication). 
The only botanical account (Annal, M u s . Bot. Lugd.,1866) 
of the species is based on the one specimen known at that 
time, which was obtained from M t . Warning. 
The species can be described as a slender vine some-
times climbing shrubs or small trees, but very often 
trailing along the grotind: lower part of stem corky. Leaves 
opposite, variable in shape from ovate<Jordate to oblong 
cordate; green above and paler beneath - 3-5 inches long, 
1-4 inches broad. Broken parts exude mustard-coloured 
latex, which has a burning effect on contact with the skin 
and eyes. (W.T.Jones, private communication). 
The plant material used in this investigation was 
collected in Wongabel, Queensland. 
Preliminary investigation showed that there are only 
two alkaloids present in the plant, though ocjbasional 
traces of a third base could be discovered» This com-
pound, being present only in traces in the first crude 
extracts, could not be isolated, and its presence was 
established only by paper chromatography showing an 
intensively fluorescing spot of R^ approx» 0.75. It is 
therefore possible that this compound might be an 
artefact• 
The alkaloids were extracted with hot methanol and 
purified by repeated precipitation of the basic material 
from aqueous acidic solutions by concentrated ammonia* 
Non-basic material was removed at an early stage by 
exhaustive extraction with carbon tetrachloride from 
dilute acetic acid solutions of the base» Any base 
possibly extracted with the carbon tetrachloride was 
recovered by subjecting the combined carbon tetrachloride 
layers to extraction with 2N hydrochloric acid» 
Further purification was obtained by extraction of 
the crude bases in a Soxhlet with hot methanol, followed 
by repeated recrystallizations from methanol. 
Two separate collections of plant material were made 
in all, the milled dried whole plant samples (one of 10 kg, 
the other of 9*5 kg) being extracted separately and 
yielding 35»5 g and 33.3 g crude alkaloids respectively» 
ÎChe two alkaloids behaved very similarly during the 
extraction procedure, hence a series of small-scale 
experiments were carried out in order to ascertain the 
best method available for their separation. 
(a) Fractional precipitation with NaOH 
An attempt to achieve a separation of the alkaloids 
present in the purified alkaloid mixture by means of 
controlled precipitation with NaOH was based on the 
assumption that the basicity of the alkaloids may differ 
sufficiently to make such separation possible. However, 
even very careful neutralization of acidic solution of 
the alkaloid mixture resulted always in the simultaneous 
precipitation of both alkaloids, and the addition of 
excess NaOH did not cause any noticeable further precipi-
tation. 
(b) Continuous counter current extraction. 
That the alkaloidal constituents in the purified 
mixture should possess different distribution coefficients 
for the immiscible solvent pair butanol/aq.acetic acid 
was evident from the different B^ values observed on 
paper chromâtograms. OonsequBntly, in a countercurrent 
distribution between butanol as the mobile phase and 
aqueous acetic acid as the stationary phase, it ought to 
be possible to achieve at least a partial separation, 
since the alkaloid of higher E^ value will tend to 
migrate at a higher rate than the alkaloid with the 
lower B^ value (Weissberger, 1956)^ 
The practical feasibility of this method was invest-
igated by a trial extraction with a countercurrent-
distribution machine. A partial separation was 
achieved and a complete separation would appear to have 
been possible by repeated countercurrent extractions of 
intermediate fractions. There were, however, certain 
disadvantages in the method, the more important being: 
(i) In the machine available the amount of solvent 
for the alkaloid was limited to 10 ml, this being the 
capacity of the equilibration tubes• 
(ii) A certain amount of emulsification is unavoid-
able with this type of machine, and the time that must 
be allowed for the separation of phases constitutes a 
large proportion of the total time of operation. 
(iii) The distribution machine available was of the 
manually operated type, and hence required constant 
attendance during operation. 
(c) Ion exchange chromatography 
The practicability of separating the alkaloids by 
ion exchange chromatography was investigated, using a 
small sample of the purified mixture» The resin. 
however, did not bind significant quantities of the 
alkaloids. This can be explained by the alkaloid cations 
possessing a lower "exchange potential" (Kunin and Myers, 
1947) than that of the hydrogen ions of the resin itself 
or those of the acetic acid used as a solvent. 
(d) Paper chromatography 
iEhe B^ values of the alkaloids appeared to be suffic-
iently different to justify an attempted separation by 
means of paper chromatography. Small-scale experiments 
using this technique resulted in partial separation of 
the alkaloids. A complete separation would require only 
re chromatography of the intermediate fractions. 
The method was limited by the relatively small quan-
tity of material (ca 50 mg) that could be chromâtographed 
on one paper of the size employed. With the availability 
of a developing chamber of sufficient size to hold a number 
of full size sheets this method could be utilized with 
success for the separation of the alkaloids. 
(e) Column chromatograpliy 
The trial separations by means of paper chromatography 
indicated that only relatively small amounts of material 
could be handled efficiently. Por the separation of 
larger amounts of alkaloids cellulose powder was used as 
support (£• Lederer and M. Lederer, 1953) instead of 
sheets of papep» The usual column separation on 
buffered cellulose powder with Immiscible organic solvents 
was not applicable, since, with the exception of chloro-
f o m , the alkaloid mixture was sparingly soluble in the 
solvents commonly used for this pui^ose. In chloroform 
however, the solution quickly developed a yellow colour, 
and it was obvious that oxidation or dehydrogenation must 
occur, probably by the same process experienced in the 
case of the alkaloid cryptopleurine (Gellert and Biggs, 
1954). As chromatography on cellulose using butanol -
acetic acid as eluent is too slow, other solvent mixtures 
were investigated. An 85:15 mixture of 2N acetic acid : 
n-propanol gave a reasonably fast separation with only a 
small intermediate fraction needing re chromatography. 
By this latter chromatographic technique a complete 
separation of the constituents with E^ 0.2 and R^ 0.5 
into two final, separate fractions was achieved. The 
fraction with B^ 0.5 contained the new alkaloid tylo-
crebrine, while that with 0.2 yielded the known alka-
loid tylophorine. The alkaloids, recovered from the 
corresponding fractions by precipitation with ammonia, 
could then easily be ciystallized from methanol. 
Both of these alkaloids have since been found to 
occur in a plant unrelated to !Pylophora species. J.H. * 
Kussel has isolated three alkaloids from Pieus septica 
(family Moraceae) and identified two of them as tylocre-
brine and tylophorine* 
The minor alkaloid (R̂  0.2), obtained as colourless 
crystals, melting point 282-284^0, gave analytical data 
in agreement with the empirical foimula 
known alkaloid tylophorine. The respective melting points 
of the minor alkaloid and its methiodide were not depressed 
on admixture with authentic specimens of tylophorine and 
tylophorine methiodide. 
That the minor alkaloid is identical with tylophorine, 
a substance of previously determined structure IX (see p. 13), 
was finally established on the basis of spectroscopic evid-
ence • 
OCH 
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Pig*!» - Infra-red absorption spectra (in »Nujol 
mull'* at room temperature). 
(a) Tylocrebrine 
(b) Tylophorine from T» crebriflora 
(c) lylophorine from asthmatica. 
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Pig#2» - Ultra-violet absorption spectra (measured on 
an Optica P4 grating spectrophotometer) of: 
iPylophorine from T» crebriflora> 
iylophorine from T* asthmatica. 
- X-ray diffraction patterns (^prints) 
(a) Tylophorine from T,crebriflora, 
(b) iCylophorine from T. astlmatica. 
The infra-red (fig.l) and ultra-violet (fig,2) 
absorption spectra as well as the X-ray powder diagram 
(fig»3) of the minor alkaloid and those of an authentic 
sample of tylophorine were found to be identical* 
B» Elucidation of the Structure of Tylocrebrine. 
The major alkaloid (R^ 0*5), for which the name 
tylocrebrine is proposed, ciystallizes from methanol as 
colourless crystals, m.p* 218-220^0 (decomp.)* Both the 
alkaloid and its solutions in chloroform are sensitive to 
light, becoming yellowo 
Analytical data of the base and its salts established 
the empirical fomula tylocrebrine, showing 
that it is isomeric with tylophorine. The non-identical 
nature of the two alkaloids is evident from a comparison 
of their physical properties (Table No#l#)# 
TABLE No.l 
Tylocrebrine Tylophorine from 
T. crebidflora 
Formula 
Melting Point 218-220°C 282-284°C 
(in CHCI3) -45° -60° 
Xmax. 263 iBJi 257 1191 
- 290 •• 
342 •• 340 " 
360 « 355 " 
R^ in BuOH - AcOH 0.45 0.20 
Methiodide, m.p. 255-258^0 278-280°C 
That liylocrebrine contained no C-methyl or N-methyl 
groups was shown by Kuhn-Roth and Hertzig-Mayer estima-
tions. Zeisel estimation established the presence of 
four methoxyl groups, thus accounting for all four oxygen 
atoms in the molecule. The absence of primary or second-
ary nitrogen atoms was shown by unsuccessful attempts to 
diazotize or acetylate tylocrebrine, ajid, further by the 
result of Zerewitinoff estimation indicating the absence 
which shows no 
of active hydrogen atoms. This was confiimed by the 
infra-red absorption spectrum H g . l ( a ) 
absorption peaks characterist ic of imino or hydroxy 
groups (Bellamy, 1958). 
This leads to the conclusion that the nitrogen atom 
in tylocrebrine must be ter t iary , and i s probably, as 
in ciyptopleurine (ae l lert and Riggs, 1954) and tylophor-
ine , common to two rings. The lat ter proposal accords 
with the weak basic i ty (pK 6.7 in ethanol) of the a 
a lkalo id , the ease of formation of the methiodide, and 
the f a c t that the u l t ra -v i o l e t absorption spectrum ( f i g . 4) 
of the base i s almost ident ical with that of i t s methiodide, 
indicating that the nitrogen atom i s not part of the chromo-
phoric system. 
Attempted oxidation of tylocrebrine with selenium 
dioxide yielded only xinchanged starting matei^ial, thus 
indicating the absence of part ial ly hydrogenated aromatic 
rings or active methylene groups in the molecule. 
A close structural relationship i s also indicated 
between tylocrebrine and tylophorine; they are isomers and 
occur together in the same plant. The inf3?a-red 
absorption spectrum of tylocrebrine ^ i g . l ( a ) , though 
d i f f erent from that of tylophorine f i g . 1 (b ) , shows s t r i k -
ing general s imilarity , and thus provides strong spectro-
Loge 
220 240 260 280 300 320 
Wavelength in mil l imicrons. 
340 360 
Pig.4» - U l t ra -v i o l e t al)sorption spectra ( in ethanol ) : 
(+)tylocre'brine methiodide 
ty lo crebrine • 
scopic evidence for the common presence of a phenanthrene 
ring. The same major absorption hands are present in 
both of these alkaloids, oonfiming the analytical data 
obtained by chemical methods. The spectrum also estab-
lishes the absence of hydroxyl, imino and carbonyl groups 
in the molecule as there are no absorption bands above 
1600 cm""̂  (except that at 2875 cm""̂  caused by the mineral 
oil »'Hujol*' used to mull the sample). There are differ-
ences, mainly in the 750 to 900 cm"^ and 1000 to 1200 cm"^ 
regions, indicating that the substitution in the benzene 
rings is likely to be different. 
Since no hydrogen is taken up by the tylocrebrine 
molecule on catalytic (PtOg in acetic acid) hydrogénation, 
the alkaloid can have no aliphatic double bonds or carbonyl 
groups, and it must therefore contain five rings. The 
phenanthrene ring system accounts for three of them. 
Evidence for the positions of attachment of the four 
methoxyl groups to the phenanthrene ring ±n tylocrebrine 
was obtained from spectroscopic data. The ultra-violet 
absorption spectrum of tylocrebrine fig.5(d) is very 
similar to that of tylophorine, the latter fig*5(a) 
showing an additional band at about 290 mp. Comparison 
of the spectra of phenanthrene derivatives shows that the 
position of the methoxy groups on the phenanthrene ring 
Pig .5 , - Ul t ra-v io le t absorption spectra o f : 
(a) Tylophorine from T» crebr i f lora* 
2:3;6:7-tetraiiiethoxy-9-methyl phenanthrenet 
3:4:6:7-tetramethoxy-9-metbyl phenanthrene 
Tylocrebrine* 
( + )iC3rlocrebriiie methiodide* 
(b) 
iti 
(f ) Tylocrebrine methine* 
* Measured on an Optica P4 grat ing spectrophotometer. 
Reported by T.R.Govindachari et al» (1958)• 
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markedly influences the ultra-violet absoii)tion 
characteristics (Govindachari et al., 1958). Thus, 
while 2:3:6:7-tetramethoxy-9-methyl phenanthrene &ig.5(b) 
absorbs at the same wavelengths as tylophorine, 3:4:6:7-
tetramethoxy-9-methyl phananthrene* [fig.&ic) 
absorption bands corresponding to those of tylocrebrine. 
The spectrum of 3:4:6:7-tetramethoxy-9-methyl phenanthrene 
is, in fact, almost superimposable on that of tylocrebrine, 
indicating that the alkaloid possesses the same basic 
structure. 
(-)Tylocrebrine methiodide, on heating with 20^ 
aqueous potassium hydroxide, yielded the racemic tylocre-
brine methiodide. Such racemization, under very similar 
experimental conditions, is known to occur with tylophorine 
methiodide (Govindachari et al., 1958) and the methiodides 
of the quinolizidine type alkaloids, cryptopleurine, 
canadine, and tetrahydropaLaatine (Gellert and Riggs,1954.; 
Gellert, 1955 and 1956). 
Hofmann degradation of (-)tylocrebrine methiodide 
using silver oxide, gave the optically inactive methine 
m.p. 144.5-45^0. The ultra-violet absorption spectrum of 
the methine shows maximum absorption at the wavelength 
characteristic of a substituted phenanthrene ring system 
(fig.5)* The spectrum is similar, but not identical, with 
*Numbering is in accordance with The Ring Index 
(Patterson ^ , I960). 
shows 
that of tylocrebrine methiodide, the difference in the 
two spectra reflecting the change in the heterocyclic 
part of the molecule. 
Attempts to degrade tylocrebrine to a phenanthrene 
derivative by direct oxidation with potassi-am perman-
ganate or with chromic acid failed to give any tractable 
products. In this the behaviour of tylocrebrine is 
similar to that of the structurally related alkaloids 
cryptopleurine and tylophorine. Cryptopleurine, although 
very easily attacked by oxidizing agents, cannot be 
degraded to identifiable products by direct oxidation 
(Gellert and Riggs, 1954 ) . On the other hand tylophorine, 
on oxidation with aqueous potassium permanganate, yields 
minute amoimts of two degradation products, not as yet 
identified (Govindachari et a l . , 1958 ) . 
The establishment of the presence of a phenanthrene 
nucleus in tylocrebrine, and the chemical behaviour of 
the basic portion of the molecule which must be attached 
to either 9 or 10 or both positions of the phenanthrene 
ring system, indicate a close biogenetic relationship with 
tylophorine, the other constituent of T. crebriflora, the 
structure of which has a3jpeady been elucidated by 
Govindachari and his co-workers (1958 and 1959) • I t is 
known (Battersby 1961) that alkaloid producing plants 
generally use the same biogenetic path to produce 
compounds with closely related structures, and there are 
a number of biogenetic schemes proposed for the synthesis 
of alkaloids. The alkaloids produced by the plants 
within a plant species belong to closely related basic 
structural groups. Probably the most interesting and 
extensive departure from this general behaviour is found 
in the Cryptocarya species, where alkaloids possessing 
different basic structures were isolated, not only from 
different plants of the species, e .g . cryptaustoline and 
cryptowoline from the bark of C. bowiei (Hook) Druce 
(Ewing et , 1953), roemerine from the bark of C. 
angulata (Cooke and Haynes, 1954), cryptopleurine and 
pleurospermine (De La Lande, 1948; Gellert and Riggs,1954; 
Gellert, 1959)t but also from different parts of the same 
plant as well, e .g . cryptopleuilne solely from the bark 
and pleurospermine from the leaves. 
Robinson's biogenetic scheme (Sir Robert Robinson, 
1955) for the phenanthrene ring utilizes phenylalanine 
derivatives (tyrosine and 3 :4 dihydroxy-phenylalanine) 
and lysine, and pr:Qposes the following scheme for the 
phenanthro-quinolizidine alkaloid, crypjiopleurine (XI)• 
OCH 
XI 
The scheme using ornithine instead of lysine was 
employed by G-ovindachari for tylophorine (G-ovindachari et 
al. ,1958)* Wenkert (1959) however claims that the scheme 
based on amino acids is not really satisfactory, and 
suggests aldol condensation of two prephenate moieties 
resulting in the formation of these alkaloids« His scheme 
for ciyptopleurine (XI) is as follows: 
OH 
HO CO 
CHO 
N, 
HO 
O H 
XII 
HO 
r e o ( . 
HO 
XIII 
H 3 C 0 
OKid' 
/ M e t k y l J i o n . 
Wenkert then extends this argument to the formation of 
tylophorine. 
Whichever of the two schemes is employed to effect 
the possible biogenesis of tylocrebrine the basic phenan-
throindolizidine structure present in tylophorine is 
produced, incorporating methoxy- substitution in the 
2:3:5:6- or 2:3:6:7- or 3:4:5:6- or 3:4:6:7- positions 
of the phenanthrene ring. As the 2:3:6:7-substitution 
is that of tylophorine, this structure can be eliminated, 
while 3:4:5:6- substitution is unlikely because of crowd-
ing in the 4:5- positions* The ultra-violet absorption 
spectrum of tylocrebrine is inconsistent with those of 
the 2:3:6:7- and 3:4:5:6- substituted phenanthrenes , 
leaving the other two possibilities (foimilae XIV and XV) 
for tylocrebrine. 
OCH 
OCH. 
XIV XV 
Numbering in accordance with The Ring Index. 
220 
3.4 -
3.1 -
220 
340 360 
240 260 280 300 320 340 
Wavelength in millimicrons. 
* Fig.6« - Ultra-violet absorption spectra of: 
(a) (-)tylocrebrine from T, crebriflora 
(b) synthetic base (XIV). 
* Reported by Govindaehari and his co-workers• 
360 
VjO 
Wave nximbej* (cm 
Fig.7. - Infra-red absorption spectra (in chloroform) of: 
(a) (-)tylocrebrine from T.crebriflora 
(b) synthetic base (XIV) 
* Reported by G-ovindachari and his co-workers. 
In order to distinguish between these two possible 
structures, which differ from each other only in their 
relative substitution at 9 and 10 positions, Govindachari 
and his co-workers embarked on their synthesis. The 
products thus synthesized (Gellert, Govindachari et al., 
1962) were then compared with authentic tylocrebrine. 
The mLtra-violet (fig.6) and infra-red (fig.7) 
absorption spectra of the sjmthetic base (XIV) are almost 
superimposable on those of natural tylocrebrine. 
Hofmann degradation of the methiodide derived from 
the synthetic base (XIV) gave a methine identical (mixed 
m.p., U-V (fig.8) and I-R (fig.9) absorption spectra] 
with natural tylocrebrine methine. While the ult3?a-
violet and infra-red absorption spectra of the synthetic 
base (XV) do not differ appreciably from those of natural 
tylocrebrine, the two bases yield different methines. 
Their non-identity has been shown by comparison of their 
infra-red absorption spectra (fig*9(a) and (c) and by 
the fact that the melting points are significantly 
depressed when mixed. Accordingly, structure XIV is 
assigned to tylocrebrine. 
Loge 
220 240 260 280 
220 240 260 280 300 320 340 
Wavelength in millimicrons. 
Pig.8» - Ultra-violet absorption spectra * of: 
natural tylocrebrine methine 
methine from synthetic "base (XIV) 
* Reported by Grovindachari and his co-workers. 
Fig,9,-Infra-red aljsorption speotra in chloroform (Reported "by Govindachari et ) 
(a)natural tylocrebrine 
methine 
( Id) me thine from syn-
thetic base (XIV) 
(c)methine from syn-
thetic hase (XV) 
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On this "basis the me thine of tylocrebrine must 
have one of the two possible stmzctures XVI or XVII. 
OCH OCH 
XVI XVII 
The presence of a t e m i n a l methylene group in 
formula XVII provides a method of distinguishing between 
formulae XVI and XVII, as formaldehyde can be isolated 
when XVII is oxidized by periodic acid. In order to 
avoid possible further oxidation of formaldehyde to formic 
acid, a possible oxidation product from other parts of the 
molecule, a slightly modified form of the method described 
for the quantitative estimation of the terminal methylene 
group in quinine (Chatterjee and Majiamdar, 1956) was 
used» As no traces of formaldehyde could be detected when 
tylocrebrine methine was oxidized with periodic acid the 
me thine must be XVI» 
This deduction was confirmed by spectroscopic 
evidence. The infra-red ahsoirption spectrum [fig.9(a)j 
of tylocrehrine methine shows no additional "bands in the 
region where absorption characteristic to a teiminal 
methylene group occurs (Bellamy, 19585 Cross, 1960), thus 
providing additional evidence in favour of structure X7I. 
The mechanism proposed by Gellert (1955) for the race-
mization of (-)cryptopleurine methiodide involves an 
intemediate opening of rings D and E (XVIII) between the 
nitrogen and the asymmetric bridge-head carbon atoms. 
OCH 
m i l XIX 
The recyclization of the intermediate ten-membered 
ring (XIX) then leads to the formation of the racemate 
with the more stable configuration, even if the original 
jiinction between rings D and E was cis and not trans as 
was shown to l̂e the case with cryptopleurine. 
In nine-membered ring systems transannular inter-
actions between nitrogen and carbon atoms have been 
shown (Cromwell at al., 1949) to occur in N-methyl 
pseudostrychnine, its methoperchlorate, and N-methyl 
pseudostrychnidine and its hydriodide. Similar trans-
annular interacrfcions have been reported (Leonard £t , 
1954) to occur also in an eight-membered ring amino-
ketone , 1-methyl, l-azacyclo-octan-5-one ̂  
The racemization of (-)tyloc3̂ ebrine methiodide is 
veiy likely to proceed by tMs route i.e. involving race-
mization of the asymmet3?ic carbon atom through an inter-
mediate, as in the case of the indolizidine and quinol-
izidine alkaloid methiodides mentioned« The nitrogen 
atom of the methine could be part of a ten, nine, or 
eight-membered ring system (cf* Govindachari et ale,1958)» 
Hence, the mechanism of racemization of (-)tylocre-
brine methiodide in alkaline medium is very likely to 
proceed by the opening of the indolizidine ring system 
between the nitrogen and the bridge-head carbon atoms, 
followed by the recyclization of the intermediate nine-
membered ring (XX) to give the racemic tylocrebrine 
methiodide» 
XX 
This mechanism would also account for the formation 
of methine (XVl) in preference to methine (XVII) under 
the conditions of Hofmann degradation» 
According to the structure assigned to (-)tylocre-
brine, its molecule contains only one asymetaric carhon 
atom. 
H3CO6 
As the phenanthrene ring is in one plane, the 
adjoining two carbon atoms (No.9 and No#14) must be also 
in the same plane, while the bridge-head carbon and the 
nitrogen cannot be in the same plane as the phenanthrene 
Numbering is based on analogy "to phenanthro-quinolizidine 
(Patterson et a^. ,1960; system No.6263). 
M. 
Ting. Since the nitrogen atom can freely oscillate 
above and below the plane of the molecule, the position 
of the hydrogen atom attached to the bridgehead carbon 
atom will detemine the absolute configuration of tylo-
crebrine. There are only two possibilities, as shown 
by formulae ZXI and XXII. 
Loder (1962) proposed structure XXIII as represent-
ing the absolute configuration of pleurospermine, the 
leaf alkaloid of Cryptocarya pleurosperma^ by relating 
it to the absolute configuration of (-)sedamine (XXIY) 
from Sedum acre (Kolesnikov and Shvartsman, 1939; Marion, 
1945) and that of (+)-8-phenylnorlobelol-I (XX7) from 
Lobelia species» 
He then extended this hypothesis to include crypto-
pleurine as well and,by analogy, proposed structure XX7I 
as representing its absolute configuration. Applying 
the same considerations, again based only on analogy, to 
the Tylophora alkaloids, the absolute configuration of 
tyloci^brine would be represented as XXI, but, lacking 
as yet sufficient evidence to support this view, the 
choice between these two structures (XXI and XXII) must 
be left open. 
OCH. 
H3CO 
H 
XXI 
OCH, 
H3CO 
H 
I J P 
XXII 
OCH 
X X I I I XXIV 
OCH 
z z v XXVI 
LY* EXPERIMEITTAL SECTION. 
Meltiiig points are uncorrected unless otherwise stated. 
Microanalyses were carried out in the C.S.I.R.O. Micro-
analytical Laboratory under the direction of Dr. K. W. 
Zimmermann and by Dr. E. Challen in the Microanalytical 
Laboratory of the School of Chemistry of the University of 
New South Wales, 
Ultra-violet absorption spectra were measured by the 
author on a manually operated Optica P4 grating spectro-
photometer. 
For paper chromatography Whatman No.l chromatography 
paper was used. Unless otherwise stated all paper chroma-
tograms were developed in n-butanol - acetic acid (97:3). 
(n-butanol is saturated with water). 
In the text, light petroleum refers to a fraction of 
boiling range 40-60^0, unless it is stated otherwise. 
A. Extraction of the Alkaloids. 
Milled plant material (10 kg) was extracted with hot 
methanol at Chemical Research Laboratories, C.S#I.R,0., 
in Melbourne, and the extract concentrated to a small 
voliame (4 !)• 
This crade extract was diluted with water (2 1) and 
concentrated in a climbing-film evaporator to ca.800 ml, 
50o 
and, whilst warn, filtered (filtrate A) from the 
deposited solid (B), 
The filtrate (A) was acidified with dilute acetic 
acid and exhaustively extracted with carbon tetrachloride 
to remove non-basic material» The carbon tetrachloride 
extract was shaken with 2N hydrochloric acid to recover 
any base extracted by carbon tetrachloride. The aqueous 
acidic layer was added to the previous acidic phase and 
the combined solution filtered. The filtrate gave a 
strong Mayer's test and a paper chromatogram showed two 
fluorescent spots (R^ approx. 0 .2 and 0*5) imder ultra-
violet light. 
A solution of the sediment (B) in warm 2N acetic acid 
was diluted with hot water, cooled, and filtered. The 
filtrate was extracted with carbon tetrachloride to remove 
non-basic material, and combined with the acidic solution 
from fraction (A), The combined aqueous acidic solution 
was basified with concentrated ammonia and the precipitate 
filtered offo Yield of crude alkaloid mixture 3 5 g # 
The extraction process is summarised in diagram I . 
Purification of Crude Alkaloids. 
A mixture of crude bases (33.3 g) extracted from the 
whole plant (9.5kg) of Tylophora crebriflora was obtained 
Diagram Extraction Procedure, 
Crude Methanol Extract 
Dilute with water. 
Concentrate in 
climbing-film 
evaporator 
concentrated extract 
filter 
filtrate A sediment B 
acidify with 
dil^ CH^COOH^ 
Extract with OCl 
CCl̂ '̂  phase \ aq.acidic phase 
extract 
with 2]Sr HOI 
dissolve in 
dil^GH.COOH^ 
dilute-^with 
water,fiIter 
filtrate 
extract with 
COI. 4 
aq» acidic phase 
001^ phase 
(discard) 
001, phase 
ag»acidic phase 
ag»acidic phase 
extract 
with 
2N HOI 
001- phase 
(discard) 
combined aq»acidic phase 
mother liquor 
add excess 
conc^NH.OH 4 
and filter 
Crude Alkaloids• 
05.5 g) 
from C.S.I.R^O. Chemical Research Laboratories, Melbourne, 
in the form of a darkish-brown, amorphous solid. This 
crude material was dissolved in the minimum amount 
(ca 30 ml) of warm glacial acetic acid, and the solution 
poured into hot water (ca 200 ml). A dark, amorphous 
material, which separated from the solution and increased 
in amount on cooling in a refrigerator, was filtered off. 
The clear, cold solution was then approximately neutral-
ized with conc# ammonia and the small amount of sediment 
which foimed was filtered off* This was added to the 
first residue and the combined residue was labelled E^. 
The filtrate was brought to the boil, and excess conc» 
ammonia added to precipitate the crude alkaloids* The 
mixture was cooled overnight in a refrigerator and the 
precipitate filtered. The crude alkaloids were reprecipi-
tated from a hot acetic acid solution of the precipitate 
with conc. ammonia, collected by filtration, and repeatedly 
extracted in a Soxhlet with fresh portions (500 ml) of 
methanol. The dark-yellow Soxhlet extracts were combined, 
evaporated to dryness under reduced pressure, and the 
crystalline material obtained dried in a deasicator. (Sample 1) 
The 2?esidue (S^) 3?emaining in the thimble after Soxhlet 
extraction was set aside for further treatment. 
The purification process is represented in diagram II. 
Diagram II• Purification Process• 
Crude Alkaloids• 
Dissolve in OH^COOH 
Dilute,cool,filter 
filtrate 
filtrate 
residue 
neutralize 
with 13H.0H, 
filter ̂  
residue 
add excess 
NĤ  OH, fi Iter 4 
mother ̂liquor alkaloid mixture 
dissolve in CH^OOOH, 
4' 
L-̂V-'VJ 
add excess KH.DH, 
cool,filter 
mother liquor alkaloid mixture 
methanol^ extract 
extract with 
methanol in 
Soxhlet 
evaporate 
to dryness 
Purified Alkaloid Mixture» 
(Sample T) 
— I residue 
Recovery of the Alkaloids from the Residues> 
The residue (R^) was extracted in a Soxhlet with 
glacial acetic acid for eight hours. a?he slight amount 
of residual material left after extraction gave a negat-
ive Mayer's test and was discarded. 
The extract was concentrated on a steam bath \mder 
reduced pressure to ca 20 ml, poured into hot water (100 
ml), filtered, and approximately neutralized with conc. 
ammonia. The dark sediment that formed on cooling the 
solution was filtered off. (Residue R^). 
Addition of excess conc. ammonia to the filtrate 
precipitated a further amount of the crude alkaloids. 
This was filteî ed off and further purified by reprecipi-
tation from hot acetic acid solution with conc, ammonia. 
The precipitated alkaloids were extracted in a Soxhlet 
with methanol for 24 hours, the extract evaporated to dry-
ness under reduced pressure, and the collected crystals 
dried in a dessicator. (Sample 2). 
The material not extracted by methanol was added to 
the residue (S^) left from the first Soxhlet extraction 
and this combined residue labelled Ŝ * 
The residue R^ was taken into solution by refluxing 
with a small amount of glacial acetic acid. The solution 
was diluted with w a t e r , warmed, and the crude alkaloids 
precipitated with excess conc. ammonia» After cooling, 
the precipitate was filtered off, and the alkaloids dried 
in a dessicator. (Sample 3 ) . 
The combined residue Sg was dissolved in warn dilute 
acetic a c i d , and the solution was filtered cold. The 
filtrate gave a strong Mayer's test and a paper chroma-
togram showed two spots. The residue obtained after 
evaporating the filtrate to dryness under reduced pressure 
w a s refluxed f o r eight hours with methanol (ca 200 ml)o 
The methanolic solution, when treated with excess conc. 
ammonia and cooled, yielded a small amoxmt of veiy impure 
precipitate. This was shaken with several small portions 
of hot water to dissolve the ammonium acetate, and fil-
tered. The impure alkaloid mixture was then dried in a 
dessicator. (Sample 4). 
The procedure of recovering the alkaloids from residues 
is outlined in diagram I I I . 
The crude alkaloids obtained in the purification 
process (samples 1,2,3 and 4) were combined, and crystall-
ized from m e t h a n o l . Total yield of purified alkaloid 
mixture (dessicator dried) 14.3 g# 
No further amount of alkaloids could be isolated from 
the m o t h e r liquors. 
Diagram 111. Recovery of the Alkaloids from the Residues. 
Residue (R^) Combined residues(S^) 
reflux with 
acetic acid 
acid solution 
dissolve in 
acetic acid 
and filter 
filtrate 
neutralize 
with RH.OH 
4 
and filter 
filtrate 
1 
evaporate 
to diyness 
residue (R^) residue 
add excess 
conc.NH-OH, 
filter ^ 
mother liq 
crude alkaloids 
mother liq> 
dissolve in 
acetic acid, 
add excess 
NH.OH,filter 
4 ' ^ 
reflux with 
acetic acid, 
dilute,filter 
reflux with 
methanol 
methanol extract 
add excess 
conc.NH.OH 
4 
and filter 
crude alkaloids 
filtrate mother liq. 
crude alkaloids 
extract with 
methanol ina 
Soxhlet 
methanol extract TOsidue 
(added to 
evaporate res.S.) 
to dryness l' 
add excess 
KH,OH,filter 
4 ' 
—».mother liq^ 
Crude Alkaloids 
(Sample T J 
Crude Alkaloids, 
(Sample 3) 
shake with 
hot water 
and filter 
Crude Alkaloids, 
(Sample T5 
Separation of the Alkaloids» 
B. Attempts to Separate the Individual Alkaloids• 
(I) Fractional precipitation with sodiiam hydroxide» 
236 mg alkaloid mixture dissolved in 25 ml O.lOl. N 
HOI* Assuming the average mol* wt* of alkaloids 
as 400, 236 mg alkaloids = 0.59 milliequ. = 5»8 ml 
0.102N HCl. The amount of free acid in the 
solution is J 
25 ml - 5.8 ml = 19^2 ml 0.102N HCl 
It required, however, the equivalent of 24 ml of 
0.102N NaOH for a precipitate to form. Oihe precipitate 
was filtered off, ahd, when dried in a dessicator, 
weighed 212 mg# Paper chromatograms showed the presence 
of two alkaloids. Further additions of alkali to the 
alka3J.ne (to litmus) filtrate gave no precipitate even on 
prolonged stsinding» 
(II)>Continuous countercurrent extraction, 
iPhe trial extraction was carried out using a glass 
countercurrent-distribution machine with a manually-
operated train containing 41 tubes. 
250 mg of the purified alkaloid mixture was dissolved 
in 10 ml of citrate buffer adjusted to pH 5 (Hodgman et al., 
I960) and containiijg a small amount of acetic acid. This 
solution was introduced into the first tube of the counter-
oxxrrent machine and 10 ml each of the same buffer 
solution placed in each of the remaining 40 tubes» This 
Îîuffer solution represents the lower stationary phase» 
F-butanol (saturated with the buffer solution) was 
employed as the mobile phase, and 10 ml of it were added 
to the first tube after each equilibration and transfer» 
Equilibration was accomplished by shaking the train con-
taining the tubes 30 times to and fro, and allowing a 
period of 2 minutes for the separation of the two layers. 
After transferring the upper (mobile) layer to the next 
tube and refilling tube No»l with n-butanol, the process 
was repeated 40 times until a 41 plate distribution was 
completed» 
The contents of the tubes containing both phases were 
collected into four fractions; 
fraction No»l - containing the contents of tubes 1 to 11 
w No»2 - •• " « » 12 to 25 
w No»3 - « II It .1 It 26 to 36 
« No»4 - " H It M If 37 
Each of the four fractions was concentrated separate-
ly to a small volume (ca 10 ml), and samples of each were 
chromâtographed on paper: 
fraction Nool - one faint spot with R^ approx» Oo2 
^ No#2 - two spofe with Rp values approx» 0.2 and 
0.5. 
f r a c t i o n No»3 - one spot with B^ approx, 0.5 
w No»4 - one weak spot with R^ approx. 0^5 
( I I I ) Ion exchange chromatography. 
Ca 1 ml of the cation exchange resin "Zeo-Zarb 225" 
was prepared in the hydrogen form, by treatment with IN 
HCl fol lowed by washing with d i s t i l l e d water u n t i l the 
washings became f ree of acid» The resin was packed in 
an 11 cm column (0»6 cm dia») and the exchange capacity 
of this resin column then determined by passing an excess 
amount of standardized NaOH solution through the column, 
washing through with water, and t i t rat ing the t o ta l eluent 
with standard HCl solution» 
Calculation of exchange capacity: 
amount passed through coliimn: 50 ml ca 0»1N NaOH 
= 5a#2 ml 0.096 N HCl 
Eluent made up to 250 ml. 
100 ml aliquot of eluent = 13.2 ml of 0.096N HCl 
Therefore t o t a l NaOH eluted = 13#2 x 2 i = 33*0 ml of 
0.096N HCl. 
Amount of Na"*" held by the column = 50.2 - 33#0 
= 17.2 ml of 0.096N HCl 
Therefore exchange capacity of the column = 17.2 x 0.096 
= 1.66 mi l l iequiv . 
After regenerating the resin back to the hydrogen 
foim, 100 mg (ca 0.25 milliequiv., ass\aming average 
M.Wt. 400) of alkaloid mixture dissolved in 10 ml of 2N 
acetic acid was placed on the coliimn. Only a slight 
adsoi^ition of the constituents of the solution by the 
resin took place, as the alkaloids could be recovered 
in nearly quantitative yield from the eluent. 
The column was then eluted with 100 ml of 2N HGl, 
and the eluent evaporated to dryness under reduced press-
ure. The slight amount of residue left showed very faint 
spots of both alkaloids when chromâtographed on paper. 
(IV) Paper Chromatography 
50 mg of the alkaloids were dissolved in the minimum 
amount of chloroform and, by means of a capillary tube, 
streaked as a narrow zone on Whatman N0.3MM chromato-
graphic paper strip (8« x 18«). Owing to the relatively 
low solubility of the mixture in chloroform, the volume 
of solution that had to be applied on the paper caused a 
widening of the original zone of applied material. This 
was minimized by carrying out the streaking under a flow 
of warm air, thus facilitating the evaporation of the 
solvent but increasing the probability of aerial oxidat-
ion. 
A second paper chromatogram was prepared in a simil-
ar way. The same quantity (50 mg) of alkaloid mixture 
was, however, dissolved in few ml of 2N acetic acid. 
Although the volume of the solution was noW considerably 
smaller, the spreading of the line of origin was more 
pronounced than in the first case. This is attributable 
to the longer time required for drying the aqueous acetic 
acid used as the solvent. 
Both chromatograms were developed by ascending chroma-
tography in a butanol - acetic acid - water (1200:45:255) 
mixture for 24 hours and then dried in air. Examination 
under ultra-violet light revealed several, not distinct 
but more or less overlapping, regions of different appear-
ance. These regions were marked off into separate zones 
and numbered starting from the bottom of the paper: 
zone 1 - approx. l** wide, 
zone 2 - approx. l'* wide, 
zone 3 - approx. 3" wide, 
zone 4 - approx. wide, 
zone 5 
Contains the light-brown 
line of origin. 
Light-brown colour. Very 
weak fluorescence. 
Nearly colourless. 
No fluorescence. 
Light-brown colour^ 
Fluorescent. 
approx. 2" wide. Teminates at the solvent 
front. Nearly colourless. 
Weak fluorescence. 
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These zones were cut out from the papers, and the strips 
containing each zone extracted separately with dilute 
acetic acid (1:1)• The extracts were individually 
concentrated under induced p3?essure to ca 10 ml each, and 
then tested separately by paper chromatography: 
zone 1 extract: one spot with R^ of approx. 0#2 
zone 2 extract: two spots with lU of values approxo 
0.2 and 0.5 
zone 3 extract: two spots with R« of values approx. 
0.2 and Oo5 
zone A extract: one spot with R^ of approx. 0.5 
zone 5 extract: one wealc spot with R^ of approx. 0.5 
Two further attempts at separation, using larger quant-
ities (150 mg) of the material and a developing solvent 
containing a higher proportion of acid (butanol - acetic 
acid - water 1200 : 150 : 250), were unsuccessful, since 
the developed chromatograms showed streaks of material 
throughout the path of the solvent movement. 
All papers used in these experiments were extracted 
with dilute acetic acid and the alkaloid mixture recovered 
"by precipitating with ammonia. 
(V) Oolumn chromatography 
Spots of purified alkaloid mixture in acetic acid 
solution were placed on Whatman No. 3MM chromatographic 
63o 
paper strips and developed in mixtures of the following 
composition: 
(a) n-propfpiol - 2F acetic acid (95 : 5) 
( b ) » - H ti II . 2 5 ) 
(c) w _ I, I, „ . ̂ Qj 
(d) »' - ti II ,1 (25 : 75) 
(e) " - " " " (15 : 85) 
(f) 2N acetic acid 
As expected the flow-rate was fastest when 2N acetic 
acid was used, but, again as expected, the spots showed 
only tailing and no real separation® 
On the basis of these experiments, the developer (e) 
of composition 
n-propanol - 2N acetic acid (15 : 85) 
was selected for use in column chromatography with cellu-
lose powder. 
0» The Method of Separation. 
A 200 cm X 5 cm dia. glass tube for supporting the 
adsorbent was fitted at tte bottom with a 0#5 cm outlet 
tube containing a stopcock. A wad of cotton wool at the 
bottom of the tube supported a perforated perspex disc. 
750 g of Whatman chromatography grade cellulose powder 
was mixed with the developer to form a slurry. This was 
poui^ed in small portions into the tube, which was almost 
filled with developer, and the cellulose allowed to 
settle» Packing of the adsorbent was accomplished by 
applying gentle pressure with a dowel after each added 
portion of the sluriy had settled. When the packing of 
the column (160 cm) was complete, another perforated 
perspex disc was placed on top and this covered with a 
wad of cotton wool. The developer was then drained off 
level with the top of the column» 
2 g of alkaloid mixture was dissolved in 25 ml of the 
developer and placed on the column. The sides of the 
tube were rinsed with 20 ml of the developer. When the 
dark-yellow zone containing the alkaloid mixture descended 
;just below the upper perforated disc of the column the 
eluent was admitted from a 5 litre separating funnel 
secured in an elevated position. The flow-rate was 
adjusted by the outlet stopcock. During elution the 
coliamn was examined under ultra-violet light and the prog-
ress of the fluorescent part of the original zone was 
followed. As soon as the fluorescent zone began to 
emerge from the column, fractions of eluent were collected 
at a flow rate of 500 ml/hour# 
Fractions Ml collected Spots on 
paper chrom» Remarks 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
75 
50 
50 
50 
50 
200 
500 
500 
500 
500 
500 
500 
One of B^ 0»5 
One of R^ 0.5 
One of R^ 0.5 
Two of Rp 0.5 
and 0#2 
Two of Rp 0.5 
and 0.2 
Two of lU 0.5 
and 0.2 ^ 
One of R^ 0.2 
One of R^ 0.2 
One of R^ 0.2 
One of R^ 0.2 
One of R^ 0.2 
No spots 
Yellow 
Dark-yellow 
fluor-
escent 
band 
11 
tt 
It 
Yellow 
Coloured, 
not 
fluor-
escent 
band.' 
Light yellow 
tt 
It 
It 
It 
Slight yellow 
It It 
Very slight 
yellow 
Colourless. 
Mayer's test 
negative. 
The fractions from several such chromatograms were 
combined. After re chromatography of the inteimediate 
fractions (4 to 6) two final fractions were obtained (I 
and II respectively). 
Fraction I was evaporated to dryness under reduced 
pressure and the residue dissolved in warm dilute acetic 
acid. Precipitation with conc. ammonia yielded the 
alkaloid with R^ Similar treatment of fraction II 
yielded the alkaloid with B^ 0.2. 
The Identification of the Alkaloids. 
(I) The Alkaloid with the E^ 0.2 
The crude alkaloid from fraction II was re crystallized 
thrice from chloroform-methanol. The colourless ciystals, 
when dried for 24 hours ĵi vacuo over ^ ^ 282-
284^0 (decomp.) which was not depressed by mixing with 
authentic tylophorine from Tylophora astMatica. 
Pound: C, 72.9; H, 6^9; N, 3.4; OMe, 30.9 
C, 73.2; H, 6.9; N, 3.6; 4 OMe, 31.5?i. 
The infra-red absorption spectrum and the X-ray 
powder diagram of the alkaloid are superimposable on those 
of authentic tylophorine. 
The ultra-violet absorption spectra of the alkaloids 
in ethanol solution were fo\md to be identical: 
Alkaloid from Tylophorine from 
fraction II. T, asthmatica. 
Amax, logL Xmax, logc 
257 mp 4.85 257 nyi 4.82 
290 « 4.53 290 •• 4.49 
340 « 3^33 340 « 3.43 
355 " 3.21 355 •• 3^23 
*The author is indebted to Professor T.R.Govindachari 
for a sample of tylophorine. 
The optical rotation of the alkaloid in chloroform 
was fotind to decrease with time: 
time in hours: 0 2 24 72 
r/i23 
(c 1.04 in CHCl^): -60® -46® -18® -ii®(+2®) 
values in butanol - acetic acid: 
alkaloid from fraction I I 0 .20 
authentic tylophorine 0.20 
The methiodide^ 
Ca 10 mg of alkaloid with B^ 0.20 was dissolved in 
chlorofonn (2 ml), excess methyl iodide was added, and 
the mixture refluxed gently for one hour. The clear 
solution was evaporated to dryness and the residue 
crystallized from aqueous methanol yielding pale yellow 
crystals, m^p. 278-280®C» 
The melting point was not depressed by mixing with a 
samiple similarly prepared from authentic tylophorine. 
The R^ values in butanol - acetic acid were: 
methiodide of the alkaloid 0.14 
" authentic tylophorine 0.15 
( I I ) Tylocrebrine. 
The base with R^ 0 .5 from fraction I , on three 
ciystallizations from methanol, yielded the new alkaloid 
tylooretoine, m.p. 218-220^0 (corr.) after bein^ dried 
at 80^0/2mm Hg for 12 hours. 
Found: C, 73.2; H, 7 .0 ; N, 3.55 0, 16.6; (Me, 30.9 ; 
(N)-Me, 0; (G)-Me, 0; active H, 0 
Cg^Hg^NO^ requires: C, 73.2; H, 6^9; N, 3 .6 ; 0 , 16.3; 
4 OMe, 31.5 
The alkaloid islaevorotatory cL^ -45^ + 2^ (c 0.74 in 
chloroform), 2 dm tube. 
The ultra-violet absorption spectrum (in ethanol) 
shows 3 peaks of maximum absorption: 
Amax. 360 y (log£. 4.81, 3.25, 3 .09) . 
The pK value in 50?̂  aqueous ethanol was found to be a 
e.i. 
R^ 0.45 in butanol - acetic acid. 
Tylocrebrine hydriodide» 
The addition of an aqueous solution of potassium 
iodide to a methanolic solution of tylocrebrine yielded 
yellow crystals of tylocrebrine hydriodide, which, after 
re crystallization from aqueous methanol, had m.p« 214-
217^C (decomp.). 
FoTind: C, 54.2; H, 5.7; N, 2.4? 0, 14.5 ^ 
C^^H^QNO^I.CH^OH requires: C, 54t2; H, 5.8; N, 2.5; 
0, 14.4 
Tylocrebrine Perchlorate• 
50 mg of tylocrebrine was dissolved in few ml of dilo 
acetic acid and to the hot solution perchloric acid 
(3 drops) was added. The mixture, on cooling overnight 
in a refrigerator, deposited pale yellow crystals (60 mg). 
Recrystallization from aqueous acetone gave colourless 
ciystals (35 mg), 262-264^0 (corr.) with decompos-
ition. 
Found: C, 55.6; H, 6.0; N, 2.6; CI, 6.7 ^ 
C^^H^gClNOg.l^gÖ requires: C, 55.3; H, 6.0; N, 2.7; 
CI, 6.8 ^ 
(-) Tylocrebrine methiodide» 
2.0 g of tylocrebrine was refluxed on a water bath 
with methyl iodide (ca 7 ml) and methanol (ca 50 ml) 
until a clear solution was obtained. The solution was 
refluxed for a further 30 minutes, then concentrated to 
approx. 25 ml and allowed to cool overnight in a refrig-
erator. The deposited crystals were filtered off and 
dried in a dessicator, A further crop of crystals was 
obtained by concentrating the mother liquor. Total 
yield 2.6 g, m.p. 247-252®C (decomp.). 
Recrystallization thrice from methanol yielded yellow 
(-)tylocrebrine methiodide, m.p. 255-258^0 (corr. ) with 
decomposition. 
Pound: C, 55.2; H, 5.7; N, 2.5; 0, 13.6; I , 23.0; 
OMe, 22.6; (N)-Me, 2.6 ji 
requilres: C, 55.2; H, 5.7; N, 2.6; 
0, 13.2; I , 23.3; 4 OMe, 22.8; 
(N)-Me, 2.8 ii 
M^l o , 
f^D + 2 (c 0.30 in methanol). 
E^ 0.35 in butanol - acetic acid. 
Attempt to diazotize tylocrebrine» 
l^locrebrine (25 mg) was dissolved in few ml of IN 
HCl, the solution cooled in ice , and ca 3 bi1 of ice-cold 
20?i sodium nitr ite solution added. The white precipi-
tate which formed (probably the nitrite salt of the 
alkaloid) dissolved easily upon addition of cold water. 
Excess concentrated ammonia precipitated a colourless 
compound, which, a f t e r recrysta l l i zat ion from methanol, 
was ident i f i ed as tyloorebrine (m.p., mixed m.p. and R^J, 
The recovery was quantitative. 
Attempt to acetylate tyloorebrine• 
iDylocrebrine (58 mg) in acet ic anhydride (2 ml) and 
pyridine (2 ml) was refluxed f o r one hour on a water bath. 
The reaction mixture was evaporated to dryness under 
reduced pressure, and the residue dissolved in di lute 
ace t i c acid# Addition of excess concentrated ammonia 
gave a colourless precipitate which was crystal l ized 
from methanol and ident i f i ed as tyloorebrine (m.p,:,jnixed 
m.p. and The y ie ld was quantitative. 
Attempted oxidations of tyloorebrine. 
a) Oxidation with chromic acid . 
To tyloorebrine (200 mg) in g l a c i a l acet ic acid (2 ml) 
was added chromic oxide (0.55 g) solution in acet ic acid 
(5 ml) . The reaction mixture was allowed to stand f o r 
two hours and then poured onto crashed ice (10 ml) and l e f t 
in a re f r igerator overnight. The c lear , dark brown 
solution was extracted in a continuous extractor with 
ether (200 ml) f o r 12 hours. 
The pale-yellow extract was separated from the aqueous 
layer and shaken with 10 ml portions of 2N KĤ OH unt i l the 
ether phase became colourless. The yellow ammonia 
extract was acidified with hydrochloric acid and extrac-
ted with ether. The dried (calcium chloride) ether 
solution on evaporation to dryness left only traces 
of a hrown residue. 
The colourless ether phase was dried (calcium chlor-
ide) and evaporated to dryness. The slight amount of 
brown residue did not crystallize. 
Further treatment of the aqueous phase yielded only 
small amount of dark, non-crystaliizable amorphous residue, 
in addition to inorganic chromium salts. 
b) Oxidation with potassium peimaji^anate 
Tylocrebrine (250 mg), dissolved in 50 ml 2N acetic 
acid, was oxidized at room temperature by the addition of 
an aqueous solution of N/2 KMnO^ (50 ml). The reaction 
mixture was extracted with ether, but no tractable prod-
uct could be isolated. 
c) Oxidation with selenium dioxide 
A methanolic solution of tylocrebrine (50 mg) was 
refluxed with selenium dioxide for 8 hours on a water 
bath. Addition of sodium hydroxide to the solution gave 
a colourless precipitate, identified as tylocrebrine (m.p., 
mixed m.p. and B^). The recovery of tylocrebrine was 
quantitative. 
Attempted dehydrogenation of tyloorebrine, 
200 mg of tylocrebrine was mixed with ca 400 mg 
209Î palladiiam charcoal and the mixture heated in a 
sealed tube in a metal bath at ca 300^0 for 15 minutes. 
The reaction mixture was extracted in a Soxhlet with 
methanol» The filtered methanol extract was concen-
trated as far as possible and acidified with dil. hydro-
chloric acid. The solution was then extracted with 
ether to isolate any neutral compounds that may have 
been formed during dehydrogenation. The dried (calcium 
chloride) ether extract was filtered and evaporated to 
dryness leaving only traces of some unidentified residue. 
Basification of the aqueous acidic phase with conc. 
ammonia resulted in the recovery of unchanged tylocrebrine, 
whose identity was proved by m.p., mixed m.p. and R^. 
Attempted hydrogénation of tylocrebrine > 
250 mg of tylocrebrine was dissolved in few ml glacial 
acetic acid and the solution diluted with methanol. The 
attempted hydrogénation was carried out in the presence of 
pre-hydrogenated Adam's catalyst but no indication of 
hydrogen absorption was found during the 6 hours of hydro-
génation at room temperature. 
The solution was concentrated to a small volume, 
diluted with water, filtered, and basified with conc, 
ammonia, when tylocrebrine was recovered imchanged, as 
shown by m.p,, mixed m.p. and E^. 
Alkali fusion of tylocrebrine> 
The fusion was carried out under conditions similar 
to those described by Schlittler, Burckhardt and aellert 
(1953). 
100 mg of tylocrebrine was added to 1 g of a molten 
mixture of KOH and NaOH (1:1) at 260^0 (metal bath) with 
stirring. The temperature was raised to 310®C and kept 
constant for 15 minutes. It was then raised, within 15 
minutes, to 360^0, and kept constant for a further 5 minu-
tes. After cooling, the solidified dark melt was 
dissolved in water, ca 1.5 g of solid ammonium chloride 
was added and the mixture then extracted with chloroform 
(5 X 30 ml) to remove the bases and neutral constituents. 
The chloroform extract was dried (potassium carbonate), 
filtered, and, on evaporation to dryness, 3rielded ca 7 mg 
of brown amorphous solid which could not be crystellized. 
The aqueous alkaline phase was acidified with hydro-
chloric acid and extracted in a continuous extractor with 
ether. The ether extract was dried (magnesium sulphate) 
gtnd evaporated to dryness* The residue (9 mg), when 
crystallized from light petroleum, yielded colourless 
crystals m.p» 170-173^0• Due to the small amount iso-
lated the compoimd was not characterized» 
Hofmann degradation of tylocrebrine methiodide* 
a) The action of NaOH on (-)tylocrebrine methiodide* 
To (-)tylocrebrine methiodide (1.2 g) dissolved in 
100 ml methanol was added 50 ml of 20^ NaOH solution and 
the mixture refluxed for 30 minutes on a water bath. The 
reaction mixture was concentrated until a brown, oily 
substance started to separate from the solution. At this 
stage the distillation was discontinued and the mixture 
refluxed for a further 30 minutes. Then most of the 
methanol was removed by distillation, a further 50 ml of 
2Cyfi NaOH solution was added, and the mixture again 
refluxed for 30 minutes. The reaction mixture was ex-
tracted with chloroform until the aqueous alkaline phase, 
when acidified, gave no precipitate with Mayer's reagent. 
The chlorofom extract was dried (potassium carbonate) 
and evaporated to dryness giving a dark-brown residue• 
The residue was dissolved in ca 10 ml chlorofoim and 
chromatographed on 40 g alumina (Spence) in a 40 cm col-
umn of 1.5 cm dia. 
Chloroform eluted: 
fraction I - ca 30 ml. Dark brown. I No spots on paper 
w II - ca 30 ml. « " Chromatogram. 
J 
III - ca 300 ml. Yellow. one spot H 
Methanol eluted: 
fraction IV - ca 30 ml. Dark brown. 
« y - ca 50 ml. Yellow. 
> One very weak spot. 
Each fraction was separately evaporated to dryness. 
The residues obtained from fractions I and II were dark 
brown and viscous while these from fractions III, IV and 
V were brownish-grey amorphous solids. 
Fi^actions I and II. 
These were combined, dissolved in ca 4 ml benzene and 
chromatographed on 40 g aliimina (Spence) in a 40 cm column 
of 1.5 can dia. 
Benzene eluted: 
fraction a - ca 50 ml. Yellow 
w b - ca 100 ml. Yellow 
» c - ca 250 ml. Light yellow. 
Methanol eluted: 
fraction d - 250 ml. Dark yellow. 
None of these fractions showed spots on paper chroma-
tograms» 
Each fraction was separately evaporated on a water 
hath under reduced pressure and the residues heated at 
lOO^G at 3 mm/Hg for 30 minutes. Fractions a, h, and c 
yielded a yellow, viscous oil, while the fraction d gave 
a dai^ brown, amorphous solid which resisted all attempts 
at crystallization. 
The oil obtained from the first three ficactions was 
combined and distilled vacuo (0.2 mm/^g), giving a 
light yellow mobile oil (0,63 g)> insoluble in acids and 
bases. The oil was dried m vacuo (0#2 mm/^g) at lOO^C 
over ^^^ ^^ hours. 
Pound: 0, 73.0; H, 10.5; N, 0 ^ 
No formula is suggested. 
A test for phenolic OH group was carried out on a 
small scale by heating the oil (22 mg) with 3s5 dinitro-
benzoyl chloride in pyridine for i hour on a water bath. 
No benzoate derivative was formed however. 
Fraction III. 
Crystallization from methanol yielded crystalline 
material (160 mg). The compound was washed with water, 
then with cold ether, and recrystallized thrice from 
methanol. The yellow crystals of the (+)tylocrebrine 
methiodide which were then dried for 48 hours in vacuo 
(0.2 rm/ñg) over P^O^ had m.p. 264-266^0 (decomp.)* 
Found: C, 56.0; H, 5.6; N, 2.4; 0, 12.1; I, 23.6; 
OMe, 23.0; (N)-^e, 2.7 ^ 
C^JH^QINO^ requires: 0, 56.1; H, 5.6; N, 2.6; 0, 12.0; 
I, 23^7; 4 Meo, 23.2; (N)-Me, 2.8 
The optical rotation was measured on a 44 mg sample in 
10 ml chlorofoim and in a 100 mm tube of 8 cm^ capacity. 
N d 0. 
The ultra-violet a'bsoii)tion spectrum of the sample in 
ethanol shows similarities to, but is not identical with, 
that of tylocrebrine (fig.4). 
Amax. 267, 344 myi (log6 4.76, 3.38) 
Fractions IV and V. 
The fractions (IV) and (V) which were obtained with 
methanol as the eluent were evaporated to dryness, the 
residues combined, and then crystallized from ethyl 
acetate - methanol. Recrystallization from methanol 
yielded a small quantity (30 mg) of crystals, m.p. 263-
265^0 (decomp.), undepressed on admixture with (+)tylocre-
brine methiodide. 
Diagram IV, Action of Alkali on (-.)Tylocrebrine Methiodide 
(--iĝ ylocrebrine methiodide(l,2 g). 
reflux with 
20^ NaOH 
reaction mixture 
extract with CHCl^, 
dry, evaporate ^ 
product 
fract.I fract.II 
dissolve in 0HC1>, 
Chromatograph ^ 
on alumina 
T 
dissolve 
in "benzene, 
Chromatograph 
on altimina 
viscous, oil amorphous 
residue ¥ m 
distill 
in vacuo 
solid 
fract>III .fract̂ IV fract.V 
evaporate evaporate 
solid 
ciystallize 
from methanol 
Yellow oil 
(0.63 g) 
( j- ) Tylo or ebrine 
" methiodide« 
(160 mg) 
crystallize 
from 
methigiol 
(+)Tylo crebrine  
" methiodide^ 
130 mg) 
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Thus, under the experimental conditions described, 
the action of NaOH solution on (-)tylocrebrine methio-
dide did not effect a Hofmann degradation, but caused 
racemization to the optically inactive tylocrebrine methio-
dide. In addition, a non-nitrogeneous, non-alcoholic 
compound was isolated from the reaction mixture. 
The experiment^iprocedure is summarized in diagram IV. 
h) The action of NaOH on (-)tylocrebrine methohydroxide 
To (-)tylocrebrine methiodide (1.5 g) in methanol 
solution (ca 300 ml) an aqueous (50 ml) suspension of sil-
ver oxide (from 2.4 g silver nitrate) was added, and the 
mixture refluxed for i hour on a water bath. The mixture 
was then diluted with water (ca 100 ml) and the excess 
methanol distilled off (on a water bath) until nothing 
further distilled over at the temperature of the water 
bath. After filtering while hot, the yellow solution 
(ca 150 ml) of tylocrebrine methohydroxide was refluxed 
with sodium hydroxide (30 g) for 1 hour on a water bath# 
A brown, oily substance, which coagulated in semi-solid 
lumps, separated from the solution. After cooling to 
room temperature the reaction mixture was extracted with 
chloroform (6 x 10 ml) until the aqueous layer was colour-
less. The aqueous alkaline phase, when acidified, gave 
no precipitate with Mayer's reagent and was discarded. 
The yellow chloroform extract was dried (potassium 
carbonate), f i l t e r e d , and the f i l t r a t e evaporated to 
dryness. The residue was dried at lOO^C (2 mm/Hg) f o r 
30 minutes. The diy methine bases (1.29 g) were d is -
solved in chlorofom (ca 4 ml) and chromâtographed on 
basic alumina (Woelm, 40 g ) in a 40 cm coltimn of 1.5 cm 
dia. 
Ohlorofom eluted: 
f ract ion 1 - 3 0 ml. Elûtes the darker part of the column 
^ 1 1 - 5 0 ml. Elûtes the colour preceding a dark 
band 
Methanol eluted: 
f ract ion III - ca 150 ml. Elûtes the dark band and 
remaining colour 
Each fract ion was spotted on paper in butanol - acetic 
acid : 
f ract ion I - fluorescent streak in U-V l ight . The lower 
part stains on exposure to iodine vapour 
fract ion II and III - one spot in U-V light and iodine 
vapour. 
Fraction I . 
The yellowish-brown residue (0.67 g) obtained on 
evaporating fract ion I was dissolved in ethyl acetate 
(10 ml), and the solution extracted with IN hydrochloric 
acid until a portion of the extract gave a negative test 
with Mayer's reagent. The acid extract was evaporated 
to dryness under reduced pressure, and the residue dis-
solved in water. The solution was made alkaline by the 
addition of excess conc. ammonia and the reddish-brown 
flocculent product extracted with chlorofoim. The dried 
(potassium carbonate) chlorofoim extract was evaporated 
to dryness and the residue heated at lOO^C (0.2 mm/Rg) 
for 15 minutes. All attempts to crystallize the amoi^hous 
material failed. 
The ethyl acetate solution, after extraction with 
chloroform, and on evaporation to dryness, yielded a small 
amount of residue which could not be purified. 
Fractions II and III. 
A yellowish-brown substalice, obtained by evaporating 
the combined fractions II and III to dryness and heating 
the residue at lOO^C (0.2 mm/4lg), could not be crystallized. 
It was dissolved in dil. hydrochloric acid and the solution 
extracted with ether. 
Evaporation of the dried (calcium chloride) ether 
layer gave a yellow, viscous oil (ca 0.4 g) which showed 
no spots on a paper chromatogram and gave a negative 
Lassaigne^s test for nitrogen. 
The aqueous acidic phase, which, after extraction 
with ether, still gave a positive Mayer's test, was 
made alkraline with sodium hydroxide and extracted with 
chloroform until the aqueous alkaline phase, when acidi-
fied, gave no precipitate with Mayer's reagent. The 
dried (potassium carbonate) chloroform extract, when 
evaporated to dryness, left a yellow, non-crystallizahle 
base (0.39 g) which melted at 181-185^0 and was insoluble 
in benzene and petroleum ether. The ultra-violet 
absorption spectrum of this base is shown in fig. 10 
together with that of tylocrebrine methine isolated from 
the products of Hofmann degradation with silver oxide, 
^max. 3S0 rjL (log6 4.69, 3.04). 
The base itself could not be crystallized, but trial 
experiments showed that its perchlorate and methiodide 
derivatives can easily be ciystallized from acetone and 
methanol respectively. 
The perchlorate of the base. 
To a solution of the base (85 mg) in a few ml of IN 
HCl 5 drops of perchloric acid were added. The slightly 
coloured precipitate, which fomed instantaneously, was 
220 240 260 280 300 320 
Waveleiiglih i n la i l l im iorons 
T l g . W . - U l t r a - v i o l e t absorpt ion spectra o f : 
(a) t y l oc reb r ine methine 
(b) base (m.p. 181-185^C) from Hofmaim 
degradat ion. 
filtered off and crystallized from acetone. M.P . 289-
291®C. 
a?wo more recrystallizations from acetone yielded 
nearly colourless crystals (26 mg). Dried j^i vacuo 
( 0 . 1 mm/Eg) over 290-292^C* 
Found: 0 , 58 .3 ; H, 5 . 9 ; N, 2 .7 ; CI, 6 . 9 ^ 
C^jH^gNO^.HClO^.^^O i-equires: C, 58 .3 ; H, 5 . 7 ; 
N, 2 . 7 ; 01, 6 . 9 
The methiodide of the base. 
The base (250 mg) was refluxed with methyliodide 
(4 ml) for hour on a water bath. The reaction product 
was insoluble in methyl iodide» After evaporating the 
methyl iodide, the compound was thrice crystallized from 
methanol, yielding pale yellow crystals, which, when dried 
for 24 hours at 100^C ^ vacTEto (0 .1 mm/Hg) over ^ ^ 
a m.p. 252-254^0. 
Poiind: 0 , 55^5; H, 5o8; N, 2 .7 ; 0 , 13 .0 ; 
I , 23 .1 ; (N)-Me, 2.5 
C^^H^gNO^.CH^I.^^^ requires: 0 , 55 .9 ; H, 5 . 9 ; N, 2 .5 ; 
0 , 12 . 9 ; I , 22 .7 ; (N)-.Me, 2.6 
The procedure of isolating the reaction products ob-
tained by the action of NaOH solution on tylocrebrine 
methohydroxide (from tylocrebrine methiodide) is outlined 
in diagram V . 
Diagram V. Action of NaOH on Tylocrebrine Methohydroxide 
(-)Tylocrebrine methiodide(l>5 g) 
reflux 
with Ag^O 
tylocrebrine methoiiydroxide 
reactio 
reflux with 
209i NaOH 
n mixture 
extract with 
chloroform 
chloroform extract 
evaporate, 
dry residue 
at 100°C,2nffli/4ig 
degradation products (1#29 g) 
frac^tion I 
dissolve in CHOI. 
Chromatograph 
on "basic alumina 
fraction II 
} fraction III 
evaporate 
residue(0.67 g) 
3xssolve in 
ethyl-acetate 
extract with 
IN HOI 
J evaporate 
residue(1.4 g) 
Ussolve in 
IN HCl,extract 
with ether 
r » 
organic acid phase 
phase 
evaporate 
i 
acid ptose 
add excess 
ether^ phase 
evaporate 
ndn-cryst. residue 
residue. 
dissol've in water, 
add exc 
extrad 
chlorof 
ess NH.OH, 
with ^ 
NaOH, extract 
with CHCl 
evaporate 
'3 yellow oil(0.4 g) 
aqueous phase 
orm 
LQue n 
(discard) 
aqueous phase 
(discard 
chloroform extract chloroform extract 
evaporate 
non-- cry s t. r e s i due 
^HCIO 
Perchloi*a^ deriv. 
dry, 
evaporate 
yellow base(0.39 g) 
IdH.I 
Methiodide ¿eriv 
M.P. 25^-254^0. 
c ) I ^ r o l y s i s of ( - ) t .y locrebrlne methohydroxide. 
To ( - . ) ty locrebrine methiodide (1 .4 g ) so lut ion in 
methanol (ca 500 ml) an aqueous suspension of f r e sh ly 
prepared s i l v e r chloride (from 2.5 g s i l v e r n i t r a t e ) 
was added and the react ion mixture refluxed f o r one hour 
on a water "bath. Excess methanol was d i s t i l l e d o f f , ca 
150 ml water added, and the solut ion concentrated to 
100 ml and f i l t e r e d » 
The methochloride was then converted to the metho-
hydroxide by shaking the cold so lut ion f o r l i hours with 
f r e s h l y prec ip i tated s i l v e r oxide (from 2.5 g s i l v e r 
n i t r a t e ) . The react ion mixture was f i l t e r e d , evaporated 
to dryness under reduced pressure, and the residue heated 
àt 240^0 (0 .2 mm/tig) f o r 3 minutes. 
The product was dissolved in benzene (10 ml) and 
chromatographed on basic alumina (Woelm, 40 g ) in a 40 cm 
column of 1.5 cm dia# 
Benzene eluted f r a c t i o n I Yellow 
Benzene/0.5^ methanol eluted « I I Reddish brown 
Benzene/2?i methanol eluted I I I Yellow 
Methanol eluted " IV Slight yel low 
Each f r a c t i o n was spotted on paper developed in 
butanol - a c e t i c a c i d : 
fraction I: two spots 
fraction II: two spots 
fraction III: two weak spots 
fraction IV: one very weak spot with the lower 
R^ value. 
The fractions were separately evaporated to dryness. 
Fraction IV yielded only a very slight amount of a 
reddish-brown residue which resisted all attempts at 
ciystallization and was not further examined. 
Fraction I. 
The yellow residue was dissolved in 100 ml "benzene -
petroleum ether 6O/8O (1:1), the solution slowly concen-
trated, and allowed to stand overnight in a refrigerator. 
The crystals which separated were recrystallized from 
benzene - petroleum ether 6O/8O and had m.p. 136-141^0. 
Yield 400 mg. 
Two recrystallizations from the same solvent mixture, 
followed by two more recrystallizations from petroleum 
ether 6O/8O, gave the colourless tylocrebrine me thine, 
which, when dried ĵ i vacuo (0.2 mm/fig) at 64^0 over P^O^ 
for 24 hours, had m.p. 144*5-145^0. 
Found: 0, 74.0; H, 7.3; N, 3.6; 0, 15.6; (N)-Me, 3.5 li 
C^ocHon^^O.requires: 0, 73.7; H, 7.2; N, 3.4; 0, 15.6; 25 29 4 
(N)-Me, 3.7 
89O 
The ultra-violet absorption spectrum of the compound 
in ethanol is shown in fig.10, 
Fractions II and III. 
ÎPhe combined material was dissolved in benzene and 
chromatographed on basic aliamina (Woelm, 40 g.). 
Benzene eluted: 
portion 1 - 6 0 ml. Yellow 
2 - 250 ml. Yellow 
•• 3 - 1000 ml. Very slight yellow. 
Methanol eluted: 
portion 4 - 500 ml. Dark yellow 
Each portion was separately evaporated to dryness. 
Portion 1. 
The solid was ̂ dissolved in IN hydrochloric acid and 
the small amount of a reddish, oilyimpurity which separa-
ted from the solution was removed by filtration. The 
clear solution was basified by the addition of IN sodi\im 
hydroxide and extracted with ether. The solid obtained 
on evaporating the dried (potassium carbonate) ether 
phase to dryness was crystallized from benzene/petroleum 
ether 60-80^ followed by a recrystallization from petro-
leum ether 60-80^^ The colourless crystalline product 
(75 mg) was found to "be identical (m.p,, mixed m.p. and 
R^) with the methine previously isolatedffraction I. 
Extraction of the aqueous alkaline solution by chloro-
fom, after completion of the ether extraction, yielded no 
additional material. 
Portions 2 and 3> 
The amorphous material from these portions was 
subjected to the same treatment as that from portion 1. 
The solid (300 mg) obtained from the ether extract could 
not, however, be crystallized. 
Portion 4> 
The dark brown, impure looking residue (105 mg) resis-
ted all attempts at crystallization. 
The pyrolysis of tylocrebrine methohydroxide {tram 
tylocrebrine methiodide) is summarized in diagram VI, 
Oxidation of tylocrebrine methine with periodic acid. 
The oxidation was carried out by a slight modification 
of the method outlined by Chatterjee and Majumdar (1956), 
The methine (50 mg) was dissolved in 3 ml of glacial 
acetic acid. After addition of excess periodic acid the 
mixture was heated to 125^0 for 5 min., and the vapours 
fomed were absorbed in an aqueous dimedone solution. That 
no precipitate foimed, even on prolonged standing, indica-
ted the absence of formaldehyde in the vapours, (Quinine 
under the same conditions gave an immediate positive test). 
Diagram VI. Pyrolysis of Tylocrebrine Methohydroxide 
(•̂ )!Î locrebrine methiodide(1.4 g) 
reflux 
with AgCl 
T.methochloride 
with Ag20 
T»methohydroxide 
heat vacuo 
at 240^0,0.2 mm/ííg 
dissolve in benzene, 
Chromatograph on 
basic alumina 
benzene benzene- benzene-
elutes 0.5?̂  methanol 2^ methanol 
1 
elutes elutes 
fract.I fract.II 
crystallize 
from petroleum 
ether 60-80 0 
T.methine(400fflg) 
amorphous solid 
fract.III 7 
methanol 
elutes 
fract.IV  
i 
benzene 
elutes 
portion 1 
non-crystallizahle 
material 
dissolve 
in benzene, 
Chromatograph 
on basic alumina 
benzene 
elutes 
portion 2 
benzene 
elutes 
methanol 
elutes 
portion 3 portion 4 
crystallize 
from petroleum 
ether 60-80^C non-crystallizable non-crys"tallizable 
T.methine(75 mg) material, material. 
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